Abstract This study was done to clarify the clinical significance of vibration-induced nystagmus (VIN) and to calculate the sensitivity and the specificity of the vibration test. One hundred and twelve patients with unilateral peripheral vestibular disorders and thirty normal subjects were enrolled into this study. However, patients with spontaneous nystagmus were excluded. Vibration stimuli (approximately 100 Hz) were presented to the mastoids and the forehead. Patients and normal subjects also underwent head shaking nystagmus (HSN) test and caloric testing. Among the 112 patients, 91(81 %) showed VIN which were mainly horizontal. VIN was more frequently elicited on the mastoids than on the forehead. In the majority of patients (76 cases), the direction of VIN was toward the healthy side, whereas patients with Meniere's disease (15 cases), showed nystagmus toward the affected side. None of 30 normal subjects showed VIN. Whereas HSN was found in 70 (63 %) patients and 9 (30 %) in normal subjects. Among 112 patients, 10 showed a canal paresis (CP) value of caloric testing less than 25 %, while 32 with a CP value between 25 and 40 %, 48 with a CP value between 40 and 70 %, and 22 with a CP value no less than 70 %. It is notable that with increasing CP value on caloric testing, VIN was more likely to be elicited. So VIN test is a simple, non-invasive and well-tolerated clinical test that indicates unilateral peripheral vestibular dysfunction. VIN test had greater sensitivity and specificity than HSN test in the diagnosis of unilateral peripheral vestibular disorders.
Introduction
Up to now, the clinical examination methods of unilateral vestibular dysfunction have their own shortcomings [1, 2] . For example, caloric testing cannot be performed in patients with ear drum perforation [3] . Morever caloric testing can only evaluate low-frequency vestibular-ocular reflex (VOR) [3] . Although head shaking nystagmus (HSN) test can evaluate mid-frequency (about 2 Hz) VOR, it can't be performed in patients with cervical spondylosis [4] . It has been reported that vibratory stimulus of the head and neck could induce nystagmus in patients with vestibular disorders while it couldn't induce nystagmus in normal people. This vibration-induced nystagmus (VIN) has increasingly arose the interest of clinicians because that VIN test being an non-invasive, simple, fast and comfortable examination method specially suits for the bedside screening examination of the patients with vestibular disorders in clinic [5] [6] [7] [8] . However there remains some controversy over the clinical significance and the usefulness of VIN [9] . Therefore, to clarify the clinical significance of VIN, we performed VIN test, HSN test and caloric testing in patients with unilateral vestibular disorders and normal subjects and observed their eye movements.
Materials and Methods

Patients Group
112 patients (54 men and 58 women; age range 8-75 years, average 43 years) with unilateral vestibular disorders came from vertigo clinic in department of otorhinolaryngology head and neck surgery, general hospital of Chinese people's liberation army. They were diagnosed with definite Meniere's disease (MD) [10] in 58 (left 32, right 26), vestibular neuritis [11] in 18 (left 10, right 8), recurrent vestibulopathy [12] in 10 (left 6, right 4), the vertigo accompanying sudden deaf [13] in 13 (left 6, right 7), vestibular involved inner ear malformation [14] in 5 (left dominant 3, right dominant 7), acoustic neuromas [15] before surgery in 2 (both right), labyrinth involved temporal bone fracture [16] in 2 (both right), delayed endolymphatic hydrops [17] in 2 (both right), idiopathic loss of inner ear function [18] in 2 (both right). The patients with spontaneous nystagmus, eardrum perforation and cervical spondylosis were excluded from the present study.
Normal Subjects Group
Thirty volunteers were used as control group, which include 24 men and 6 women with age range from 18 to 45 years and average age 28 years old. Those subjects have no complaints of vertigo, balance dysfunction, tinnitus and hearing loss.
Methods
All patients and normal subjects underwent VIN test, HSN test and caloric testing.
VIN Test
We used a hand-held vibration stimulator (mini vibrator NC70209, North Coast Medical, USA). The frequency of vibration was approximately 100 Hz, and the contact area was approximately 3 cm 2 . The vibrator was applied to the ipsilateral mastoid, contralateral mastoid and forehead for several seconds. During vibratory stimulation, eye movements in the sitting position were observed and recorded using videonystagmography (Micromedical Technologies Inc, USA).
HSN Test
The test was conducted as follows: 30°forward head flexion to position the lateral semicircular canals horizontally; rhythmical head rotation of 30-45°towards the two sides in the dark for 20-25 times at a frequency of 2 Hz. 
Results
General Observation
VIN was observed in 91 of 112 patients (81 %). When the vibratory stimulation was presented on the mastoid, the nystagmus appeared. It then disappeared when the vibratory stimulation was ceased (Fig. 1) . The nystagmus was mainly horizontal in 91 patients and it was purely horizontal nystagmus in 84 patients while it has both horizontal and vertical nystagmus in 7 patients. No purely vertical nystagmus was observed. For the absence of three dimension eye movement recording device, the torsional components were not observed. Except for patients with MD, the VIN was directed toward the healthy side ( Table 1 ). The VIN was directed toward the healthy side in 28 of the 58 patients with MD, whereas 15 patients showed VIN toward the affected side. At the same time VIN were not observed in all 30 healthy subjects. Hence the sensitivity and the specificity of VIN in the diagnosis of unilateral peripheral vestibular disorders were 81 % and 100 % respectively.
Sites Evoking Nystagmus
Nystagmus was often evoked by stimulation on the mastoids. Among the 91 patients who showed VIN, 89 patients showed VIN by stimulation on the mastoids. The VIN was evoked in only 21 patients by stimulation on the forehead. Eighty-one patients showed VIN by stimulation on the mastoid of the healthy side while 80 patients showed VIN by stimulation on the mastoid of the affected side. The majority of patients (72 of 91, 79 %) who showed VIN had VIN by stimulation on both mastoids ( Table 2 ).
The Comparison of VIN with HSN HSN was found in 70 of the 112 patients (63 %). Thirty patients showed VIN without HSN, whereas 9 patients showed HSN without VIN. Among the 61 patients who had HSN and VIN simultaneously, the directions of the VIN and HSN were identical in 52 patients (Table 3) . Of 30 healthy subjects, 9 patients showed HSN and none showed VIN. Therefore the sensitivity and the specificity of HSN in the diagnosis of unilateral peripheral vestibular disorders were 63 % (70/112) and 70 % (21/30) respectively.
VIN Versus Caloric Testing
According to caloric testing, there were 10 normal, 32 mild lesions, 48 moderate lesions and 22 profound lesions in all 112 patients while there were all normal in 30 healthy subjects. Hence the sensitivity and the specificity of caloric testing in the diagnosis of unilateral peripheral vestibular disorders were 91 % (102/112) and 100 % (30/30). The positive rates of VIN in patients with CP of normal, mild [6, 19] . The different induction rates of VIN and HSN in the patients with unilateral peripheral vestibular disorders and in healthy subjects were probably involved with the different mechanisms for the induction of VIN and HSN.
Abnormal results with the head shaking test depend on (1) asymmetry in peripheral vestibular input, which is best elicited with high-speed head shaking owing to Ewald's second law; (2) storage of this asymmetry activity in central structures during head shaking; and (3) decay of the stored activity after the head stops moving [4, 20, 21] . In the acute phase of the unilateral peripheral vestibular disorders, central velocity storage may be impaired; thus HSN may be absent or even in the wrong direction [22] .
Vibration can stimulate bilateral labyrinths and activate the vestibular receptors [23] . The signal from them via the vestibular nerve will be asymmetric in patients with unilateral vestibular dysfunction. The asymmetric signals in the vestibular nuclei will then lead to VIN. This hypothesis is somewhat similar to that of HSN [22] . We also found that the direction of HSN and VIN is identical in the most of patients. However, the mechanism for induction of VIN will not be totally identical to that of HSN. VIN might be evoked by a signal from the proprioceptors of the neck muscle, as vibratory stimulation to the neck muscles can stimulate the proprioceptive system. The proprioceptive system in the neck is linked to the vestibular system and ocular system to maintain equilibrium and control eye movements. It was reported that cervical dorsal root projects to the vestibular and oculomotor nuclei. Muscle vibration activates the primary endings of the muscle spindles. The response of the muscle spindles to vibration shows an abrupt onset and offset [24] . VIN showed an abrupt onset and offset, and the VIN did not persist after vibratory stimulation ceased. So VIN depends less on central velocity storage because the nystagmus can be easily appreciated during stimulation, unlike HSN, which is seen only after the head stops shaking; also, VIN does not usually outlast the period of vibration. Michel et al. [25] reported that 85 % of the 47 patients with unilateral vestibular lesions showed VIN, which is same to our study. They speculated that VIN would be of 2 origins: the labyrinth and the neck muscle. Ulmer et al. [26] also thought that vibration could stimulate vestibular receptors and neck proprioceptors and preferentially activate vestibular receptors. Although further study is required to clarify the mechanism of VIN induction [5] [6] [7] [8] , it has been well known that vibration mostly stimulate peripheral vestibular receptors while HSN is affected by central velocity storage mechanism. Hence the central velocity storage mechanism may be the main reason for the difference of the sensitivity of VIN and HSN in the diagnosis of the unilateral peripheral vestibular disorders. The present study found that all 30 normal subjects didn't show VIN and 9 of them showed HSN. It could be explained by the above-mentioned mechanism.
Moreover the differences for the sensitivity and the specificity of VIN test, HSN test and caloric testing in the diagnosis of unilateral peripheral vestibular disorders may also be involved with the frequency characteristic of VOR in response to different stimulus used in these tests [18] . It is generally considered that caloric testing evaluates VOR with lower frequencies (about 0.003 Hz) and HSN test evaluates VOR with the medium frequencies (2-3 Hz) while VIN test evaluates VOR with higher frequencies (about 100 Hz) [19, [27] [28] [29] [30] . It is speculated that the vestibular dysfunction with high frequencies revealed by VIN and HSN tests may be independent of those vestibular dysfunction with lower frequencies showed by caloric testing [27, 30] . [4, [20] [21] [22] . As to caloric testing, the stimuli are unphysiological and the technique is still somewhat uncomfortable to the patient, and is also timeconsuming (average 10 min); in addition, it can't be performed for patients with eardrum perforation [1] [2] [3] . As far as HSN test is concerned, it can't be performed in patients with neck injury [4, [20] [21] [22] . VIN test, which has greater sensitivity and specificity in the diagnosis of the unilateral peripheral vestibular hypofunction, can overcome those above-mentioned shortcomings. So being a simple, noninvasive and well-tolerated clinical test that indicates unilateral peripheral vestibular dysfunction, VIN test is playing a more and more important role in the screening of vestibular function [4-8, 19, 27-30] .
Finally, it was still worthwhile to note that although VIN toward the healthy side was observed in most patients, VIN toward the affected side was still observed in some patients with MD. Ohki et al. [6] also found the same phenomena. VIN toward the affected side might be pathognomonic for MD. Thus, VIN toward the affected side should be dealt separately from VIN toward the healthy side.
Conclusions
The induction of VIN was significantly related to the unilateral vestibular dysfunction indicated by caloric testing. VIN test had greater sensitivity and specificity than HSN test in the diagnosis of unilateral peripheral vestibular disorders. Being a simple, non-invasive and well-tolerated clinical bedside examination test, VIN test is useful to reveal a vestibular asymmetry.
